The growing problem of obesity is associated with multiple morbidities, including increased risk of diabetes, hypertension, heart disease, sleep apnea, and cancer. Obesity promotes disability, decreases productivity, and shortens life span. Although much attention has been focused on diet and exercise, these strategies alone are not effective in preventing obesity and maintaining weight loss. Moreover, the development of pharmacological approaches for obesity treatment has been dogged by poor efficacy and serious side effects. The biology of obesity is very complex, and mechanisms linking obesity to various diseases are poorly understood. This issue of the JCI highlights important concepts in our understanding of the pathogenesis of obesity and its complications.
Introduction
Obesity is characterized by excessive fat accumulation in adipose tissue and other organs. The BMI, calculated as weight (kg) divided by height squared (m 2 ), is used as a measurement of body fat in clinical and epidemiologic studies. The National Heart, Lung, and Blood Institute and the World Health Organization (WHO) define overweight as a BMI equal to or greater than 25 kg/m 2 and obese as a BMI equal to or greater than 30 kg/m 2 (1, 2) . The BMI criteria for Asia and Oceania are slightly different: overweight is a BMI equal to or greater than 23 kg/m 2 and obesity is a BMI equal to or greater than 25 kg/m 2 (3) . Children with a BMI greater than the 97th percentile in regard to age and sex are considered obese, and those with a BMI greater than the 90th percentile but less than the 97th percentile are considered overweight (4) .
A growing epidemic
The WHO estimated that in 2008, 1.5 billion adults aged 20 years and older were overweight and over 200 million men and 300 million women - approximately 10% of adults - were obese. In 2010, about 43 million children under five years of age were overweight (5). Obesity is no longer a problem for high-income developed countries alone. Indeed, the largest increases in obesity since 1980 have occurred in low- and middle-income countries, particularly in urban settings in Oceania, Latin America, and North Africa (Figure 1 and refs. 6, 7). While body fat content is undoubtedly influenced by genetics and maternal as well as perinatal factors, the recent global upsurge in obesity is due to a shift in diet toward energy-dense foods rich in fat and sugars but low in vitamins and other micronutrients (6, 7). There have been drastic increases in total calorie intake over the past two decades (Figure 2 and ref. 8 ). Epidemiologic data indicate that chronic intake of fatty diets and fructose and frequent consumption of fast food increase the risk of obesity (9) (10) (11) (12) (13) (14) . This is evident in developing countries where indigenous diets rich in vegetables, fruits, and fish have been replaced by cheaper and more energydense Western diets (15, 16) .
Sedentary lifestyle is also a major contributor to weight gain (17) (18) (19) (20) . Data from the National Health and Nutrition Examination Survey (NHANES) show a close relationship between low levels of physical activity and weight gain in both men and women (17) . Prolonged television watching is highly predictive of obesity and diabetes risk in adults and children (19, 20) . Global changes in diet and physical inactivity have been fueled by changes in agricultural practices, food processing, marketing and distribution, transportation, and other aspects of urban planning. Collectively, this "obesogenic environment" predisposes to diabetes, cardiovascular disease, osteoarthritis, sleep apnea, cancer, and other ailments (21) (22) (23) . Type 2 diabetes and cardiovascular diseases, once thought to occur only in adults, are now seen in obese children (24, 25) . Ironically, developing countries, which have been saddled with communicable diseases and undernutrition for generations, are now facing an upsurge of obesity and its adverse health consequences. In low- and middle-income countries, malnutrition has become a double-headed monster. It is not uncommon to find undernutrition co-existing with obesity, especially in urban settings (26) (27) (28) . Increased consumption of energy-dense Western diets in conjunction with reduced physical activity have led to sharp increases in obesity and diabetes in Polynesia, North Africa, the Middle East, Latin America, and other developing countries (26) (27) (28) .
Diet, exercise, and other lifestyle modifications are logical steps for preventing and treating obesity. However, the common experience tells us that it is very easy to gain but difficult to lose weight (29) . The recidivism rate for regain of weight to pre-weight loss levels is very high. Anti-obesity drugs are largely ineffective, and even bariatric surgery - an approach that provides great and rapid reduction in weight - is still followed by substantial weight regain over time (30) . Thus, there is an urgent need for understanding of the regulation of energy homeostasis and how obesity causes diabetes and other complications.
Layers of complexity
This issue of the JCI features reviews on crucial aspects of obesity and related disorders. Sadaf Farooqi and Shwetha Ramachandrappa (31) discuss monogenic syndromes, rare chromosomal abnormalities, and complex population genetics that have provided evidence for molecular interactions between the brain and other organs as well as a biological basis for eating behaviors associated with obesity. The discovery of leptin was a major milestone in our understanding of the molecular regulation of energy homeostasis (32) . Leptin is secreted by adipocytes and acts on the hypothalamus to inhibit food intake, increase energy expenditure, and reduce body fat. Leptin also regulates reproduction, immunity, intermediary metabolism, and bone biology, indicating a crucial role in integration of nutrition, normal cellular physiology, and pathological states. Laurent Gautron and Joel Elmquist (33) review seminal studies preceding the identification of leptin and discuss advances in our understanding of the diverse actions of leptin since its discovery.
Sun and colleagues (34) discuss the adaptation of adipose tissue in obesity. Adipose tissue is composed of triglyceride-filled cells (adipocytes), adipocyte precursors and other stromal cells, resident and infiltrating immune cells, and an extensive collagen network and blood supply. Proteins secreted by adipocytes (adipokines) act locally to regulate adipose tissue expansion and signal to various organs to control feeding, energy balance, and neuroendocrine and other functions. Dysregulation of adipose biology in obesity is associated with ectopic fat deposition (steatosis), insulin resistance, diabetes, cardiovascular complications, and other diseases.
Lipid droplets store neutral lipids in various cells. The surface of each lipid droplet is coated with proteins of the perilipin family, which regulate lipid metabolism under normal conditions and mediate excess accumulation of intracellular lipids associated with obesity, diabetes, and atherosclerosis. Greenberg et al. (35) discuss the distribution patterns, regulation, and functions of these lipid droplet proteins and their putative roles in obesity, steatosis, inflammation, insulin sensitivity, and organ dysfunction.
Obesity results in significant alterations in components of the immune system in multiple organs. As described by Carey Lumeng and Alan Saltiel (36) , this leads to inflammatory changes in adipose tissue, liver, pancreatic islets, blood vessels, and hypothalamus. Changes in the levels of cytokines, chemokines, and activation states of different types of leukocytes have profound effects on organ structure and function; thus immunomodulatory strategies may be beneficial in the treatment of type 2 diabetes and other complications of obesity.
Pancreatic β cells secrete insulin, a key hormone that regulates blood glucose levels. Obesity is associated with insulin resistance, β cell expansion, and hyperinsulinemia ( Figure 3) . In some patients, β cell dysfunction and/or a loss of β cell mass attenuates insulin production, leading to the development of diabetes mellitus. Genetics, nutrient toxicity, incretins, and growth factors have all been implicated in β cell failure and diabetes. In this series, Seino et al. (37) explain the molecular mechanisms that control insulin secretion in normal versus obese individuals based on recent discoveries.
The discovery that the gastrointestinal tracts of obese humans and mice harbor different microbes from their lean counterparts sparked enormous speculation that manipulating gut microbes might provide a means for weight reduction (38) . Here, Tilg and Kaser (39) discuss the regulation of gut microbes by genetic and environmental factors and how this affects the immune system of the host and may lead to the development of metabolic complications of obesity.
Finally, Huang et al. (40) review how circadian clocks align cellular biochemical processes and behavior. Disruption of circadian rhythms has profound effects on metabolism. Advances in understanding the molecular mechanisms linking circadian rhythms and metabolism disruption will provide novel insights and could suggest potential therapies for obesity, diabetes, cardiovascular disease, and other ailments associated with shift work, sleep deprivation, and other conditions that disrupt normal sleep-wake cycles.
A way forward
Our hope is that this series will spur greater interest in the basic and applied sciences pertaining to obesity and related diseases. A better understanding of cellular and molecular biology and pathophysiology will provide a framework for evidence-based treatment of obesity. Pharmacological approaches, surgery, and other treatments should complement the adoption of policies, societal practices, and population-wide interventions that promote healthier diets and decrease food consumption, collectively lessening the burden of obesity and its comorbidities.
Figure 3
Natural history of type 2 diabetes (T2D). Obesity results in an increase in β cell mass and insulin secretion, which compensate for insulin resistance. Over time, β cell compensation fails in some obese individuals, leading to progression from normal glucose tolerance (NGT) to impaired glucose tolerance (IGT) and, ultimately, type 2 diabetes associated with elevated blood glucose levels. Reproduced from the JCI (41) .
